.D-A04S  659 


UNCLASSIFIED 

I OF  I 

^043869 


FRANK  J SEILER  RESEARCH  LAB  UNITED  STATES  AIR  FORCE  —ETC  F/6  10/S 
HI6H  ENER6Y  DENSITY  PELLETIZED  ALUMINUM  CHLORIDE  THERMAL  BATTER— ETC (U) 
APR  77  J C NARDI*  J K ERBACHERt  C L HUSSEY 

FJSRL-TR-77-000A  NL 


i 

END 

DATE 

FILMED 

9-77 

DOC 

NOTICE 


When  Government  dravangs,  specif icaticxis,  or  other  data  are  used 
for  any  purpose  other  than  in  conr»ection  vd.th  a definitely  related  Govern- 
ment procurement  operation,  the  United  States  Government  thereby  incurs 
no  responsibility  nor  any  obligation  v^iatsoever;  and  the  fact  that  the 
government  may  have  formulated,  furnished,  or  in  ai^  way  sillied  the 
said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded  by 
i^lication  or  otherwi  se  as  in  any  manner  licensing  the  holder  or  ary 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be 
related  thereto. 

Inquiries  oonceming  this  document  should  be  addressed  to  the  Frank 
J.  Seiler  Research  Laboratory  (FJSRVl^C) , U.S.  Air  Pbree  Acadoiy,  Colorado 
80840.  Phone  - 303-472-2655. 


Copies  of  this  report  should  not  be  returned  unless  return  is 
required  by  security  considerations,  contractual  obligations,  or  notice 
on  a specific  document. 


Printed  in  the  United  States  of  America 
Available  from 

Naticxicil  Technical  Information  Service 
U.S.  Department  of  Ccntnerce 
5285  Port  Royed  Road 
Springfield,  Virginia  22151 


SECURITY  CL  ASS' FICATION  OF  THIS  oAOE  {Wb«n  n«ta  Untveed) 


!?FAD  INSTRUCTIONS 


REPORT  DOCUMENl'ATION  PAGE 


BEFORE  COMPLETING  FORM 


2.  GOVT  ACCFSSICN  NO, 


FJSRL-lR-77-0004 


A.  title X*r<LSuMttlAi 


I.  TVFE  OF  FEPONT  > PERIOD  COVENtO 

Ttechnical 

I - ipp  r »77_. 
6 '■'Performing  org.  report  numSc^t**^ 


High  Energy  Density  Pelletized  Aluminum  Chloride 
Ihermal  Batteries:  Part  II.  Cathode  Screening  . 


7.  AUTHORfW 


8.  CONI  FlACT  OR  grant  NUMBERf*; 


to  PB'-jGPAm  element.  PROJECT,  TASK 


9.  PERrORMING  ORGANIZATION  NAME  AND  ADDRESS 

F.  J.  Seiler  Research  Laboratory  (FJSRVUC) 

Air  Force  Systems  Carmand 

U.  S.  Air  Force  Aoadetty,  Colorado  80840 


AP-A  A WORK  JNIT  NUMBERS 


61102R 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Jf.  J.  Seiler  Research  Laboratory  (FJSRL/NC) 

Air  Force  Systems  Conmand 
U.  S.  Air  Force  Acaderry,  Colorado  80840 

~u.  "monitoring  agency  name  4 AODRESSr// from  Controlting  Oftlco)  j ts7  SECU^RltV”^ ASsT7o^^« 


PAGES 


~\Ss.  DECLASSI  FICATION/ down  GRADING 

schedule 


»6.  DISTRIBUTION  STATEMENT  (of  thta  Roporl) 


Ptjpproved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  the  mbatract  entered  In  Block  20,  If  different  from  Report) 


18.  Supplementary  notes 


19-  KEY  WORDS  (Continue  on  revarae  aide  If  neceaaary  and  identity  by  block  number) 

Ihermal  Battery  Tallurium  Tetrachloride 

Aluminum  Chloride  Tetrachloroaluminate 

Tungsten  Hexachloride  Grajiute 

Iron  Trichloride 


20  ABSTRACT  ^Continue  on  reverae  aide  It  neceaaary  and  jd«n(/fy  by  block  number) 

^ Pelletized  single  cell  experiments  have  been  conducted  to  develop  a family 
of  potential  cathodes  for  a new,  low  temperature  thermal  battery  system.  Ihe 
cells  utilize  a 60.2  a/o  lithium-aluminum  alloy  anode  and  a molten  salt  electro- 
lyte of  NaCl-saturated  AlCl^.  Ihey  operate  at  temperatures  between  175  and  250®( 
A total  of  40  sulfides,  oxides,  and  halides  were  evaluated  and  compared  to 
the  molybdenum (V)  chloride  and  copper (II)  chloride  cathodes  previously  studied. 
Of  this  group,  three  halides,  WCl^,  FeClV/  and  TeCiy,  exhibited  long  discharge 


FORM 
t JAN  73 


EDITION  OF  I NOV  8S  IS  OBSOLETE 


UNCIASSIFIBD 

SECURITY  Classification  of  this  PAG£Vl»?»»n  Date  Entered) 


TABI£  OF  aCJNEENTS 

Page 

Introduction 

Experimental 

ResiiLts  and  Discussion 7 

Future  Work 21 

References 22 


1 


r 

! 


LIST  OF  TABLES 

Table 

P^ 

I 

Typical  Single  Cell  Ccnposition  

. 4 

II 

Discharge  Results  for  the  Metal  Chlorides  at  175°C 
and  15  mA/cm^ 

. 8 

III 

Discharge  Results  for  the  ffetal  Oxides  at  175 ®C  and 
15  mA/crn^  

. 9 

IV 

Discharge  Results  for  the  Metal  Sulfides  and  Sulfur 
at  175°C  and  15  itiA/an^ 

. 9 

V 

Discharge  Resiolts  for  the  Metal  Florides  and  Bromides 
at  175°C  and  15  mA/cm^  

. 10 

VI 

Discharge  Results  for  the  "Top  Ten"  Potential 
Cathodes  at  175°C  and  15  mA/cm^  

. 10 

VII 

Cathode  Performance  Ccnparison  to  80%  ICCV  as  a 
Function  of  Operating  Tarperature  (Discharge  Rate  = 

15  mA/cm^)  

. 11 

VIII 

Single  Cell  Performance  for  Various  Internal  Current 
Collectors  (MoCl^  Cathode  at  175°C  and  15  mA/cm^)  . • . 

. 11 

IX 

Single  Cell  Performance  for  Various  Types  of  Graphite 
(MdCI^  Cathode  at  175°C  and  15  mA/cm^)  

. 11 

iii 


LIST  OF  FIGURES 


Figure  Page 

1 Typical  Trilayer  Single  Cell  Configuration  . . 5 

2 

2 15  niA/cm  Constant  Current  Discharge  Curves  for  MoClj. 

and  CUCI2  Cathodes  at  175°C 12 

2 

3 15  n\A/an  Constant  Current  Discharge  Curves  for  the 

WClg  Cathode  at  175  and  250“C 12 

2 

4 15  itiVcm  Constant  Current  Discharge  Curves  for  the 

FeCl^  Cathode  at  175  and  250°C 13 

2 

5 15  itiA/cm  Constant  Current  Discharge  Curves  for  the 

TeCl^  Cathode  at  175  and  250°C 13 

2 

6 15  niA/cm  Constant  Current  Discharge  Curve  for  the 

Fe20^  Cathode  at  175  °C 14 

2 

7 15  niA/an  Constant  Current  Discharge  Curve  for  the 

CuO  Cathode  at  175°C 14 

2 

8 15  iiiA/an  Constant  Current  Discharge  Curve  for  the 

NbClg  Cathode  at  175°C 15 

2 

9 15  niA/cm  Constant  Current  Discharge  Curve  for  the 

HgCl2  Cathode  at  175°C 15 

2 

10  15  itiA/cam  Constant  Current  Discharge  Curve  for  the 

CU2S  Cathode  at  175°C 16 


F 


i 


iv 


I 


INTRODUCnCN 


J 


Many  ccirpounds  exist  which  theoretically  woiild  make  good  thermal  j 

battery  cathodes.  The  object  of  this  second  cathode  screening  study  was 
to  select  those  materials  ccnpatable  with  the  electrolyte  (NaCl-saturated 
AlCl^)  and  anode  (60.2  a/o  LiAl  alloy)  whdch  would  warrant  further,  more 
detailed  investigations.  Conpounds  investigated  during  this  study  were 
identified  as  potential  cathodes  during  experiments  conducted  after  the 
cdipletion  of  the  first  stucfy  in  this  laboratory  in  1976  (1) . The 

electrochemical  system  utilizes  a NaCl-saturated  AlCl^  electrolyte,  m.p.  | 

158 °C.  This  electrochemical  system  is  a candidate  to  replace  or  ccnple-  | 

ment  current  thermal  battery  systans  operating  at  much  higher  tempera-  j 

tures  (2) . Previous  work  in  this  laboratory  (3,4)  revealed  that  | 

molybdenum (V)  chloride  and  copper (II)  chloride  were  potential  cathodes  | 

for  pelletized  thermal  batteries  utilizing  this  electrolyte.  The  j 

performance  of  these  cathodes  will  be  lased  to  provide  a "baseline"  for 
the  present  study. 

A total  of  40  inorganic  cotpounds  was  tested:  this  included  24  | 

J 

halides,  9 sulfides,  6 oxides,  and  elemental  sulfur.  Various  brands  of  | 

I 

I 

pxirified  and  unpurified  graphites,  acetylene  black,  and  several  metallic  | 

1 

cotpounds  were  used  as  current  collectors  and  were  evaluated  as  to  j 

j 

performance  enhancement. 

The  main  criteria  that  were  considered  in  our  evaluation  were: 

1.  A reproducible  high  open  circuit  voltage,  OCV.  j 

2.  Thermal  efficiency.  | 

3.  Chemical  ocrpatibility  with  the  electrolyte.  j 

4.  CouloTfcic  efficiency.  ^ 


1 


1 

I 

i 

5.  Lew  solubility  of  the  cathode  material.  ^ 

6.  Long  discharge  life  to  80%  of  the  initial  closed  circuit 

i 

voltage,  ICCV.  ' 

7.  Low  polarization  as  evidenced  by  a lew  iR  drop  inder  load. 

In  a typical  operaticnal  battery  configuration,  voltage  constraints 

iitposed  by  the  electronic  circuitry  often  require  voltage  cutoffs  of  80% 
of  peak  voltage.  Based  on  this  criterion,  the  compounds  tested  in  this 
study  were  ordered  according  to  their  delivered  energy  density  to  this 
voltage. 

The  results  of  this  stuffy  are  preliminary  in  that  the  cell  configura- 
tion tested  had  been  optimized  specifically  for  the  MoCl^  cathode,  vdiich 

is  not  necessarily  the  optimum  for  other  cathodes.  Those  cenpounds  ^ 

shewing  premise  will  be  optimized  in  a manner  similar  to  that  undertaken 

in  the  MoCl_  study  (4) . i 
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EXPERIMEOTAL 


Electrolyte  preparation,  pellet  fabrication,  and  cell  discharge 
experiments  were  described  previously  (1) . The  individual  anode  and 
separating  electrolyte  weights  were  identical  to  those  used  in  the  LiAl/ 
NaAlCl^/MoCl^  optimized  single  cell  (4)  and  were  unchanged  for  all  tests 
(see  Table  I) . The  graphite  and  electrolyte  content  in  the  cathode 
ccrpartment  were  also  identical  to  those  in  the  McCl^  cell.  To  facilitate 
direct  ccnparison  with  cells  containing  a McCl^  cathode,  the  same  amount 
of  each  new  cathode  naterial,  3.44  millimoles,  was  used.  Several  of  the 
cotpounds  evaluated  were  known  bo  be  semiconductor  neterials  and  were 
tested  both  with  and  without  the  addition  of  powdered  graphite.  A oom- 
plete  pelletized  single  cell  is  illustrated  in  Figure  1. 

Anode;  60.2  a/o  lithium-aliminum  powder  was  obtained  from  the  Foote 
Mineral  Corpany  and  used  without  further  treatment. 

Cathode:  The  Results  and  Discussion  section  contains  information  on 

the  source  emd  purity  of  the  cathode  materials  tested.  Those  cotpounds 
not  specifically  discussed  were  a minimum  99.0%  pure  and  obtained  froti 
the  Alfa-Ventron  Corporation  or  the  Research  Organic/Inorganic  Chemical 
Corporation  (ROC/RIC) . Graphite  (grade  #38)  and  acetylene  black  were 
used  as  obtained  fron  the  Fisher  Scientific  Ccrpany.  Superior  graphite 
flakes  were  purified  at  600°C  under  a chlorine  atmosphere  using  a 
procedure  developed  in  this  laboratory  (1) . Sane  of  the  Fisher  graphite 
samples  were  purified  by  boiling  for  one-half  hour  in  concentrated  HCl. 
This  graphite  was  then  washed  with  distilled  water,  suction  filtered 
and  dried  in  an  oven. 

Current  Collectors:  Five  mil  nickel  foil  (Alfa-Ventron),  99.98%  pure. 
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Table  I.  Typical  Single  Cell  Corposition 


Section 

Anode 

Separator 

Cathode 


Weight  (g) 
0.27 

0.78 

0.64 

b 

0.23 


Ccatponent 
60.2  a/o  LiAl 

EB  Mixture^ 

EB  Mixture^ 

Cathode  Material 

Graphite 


^EB  Mixture;  Electrolyte  (49.85  m/o  AlCl^  - 
50.15  iVo  NaCl)  + Binder 
(10  w/o  Cab-O-Sil) 

°3.44  millimoles  of  cathode  material 
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Figure  1.  Typical  Trilayer  Single  Cell  Configuration 


was  cut  into  1.125  inch  diameter  circles  with  tab.  The  collectors  were 

burnished  with  emery  paper,  washed  with  distilled  water  and  acetone, 

stored  under  dry  argai,  and  again  lightly  burnished  before  i:ise. 

Pellet  Fabrication;  Three-layer  pellets  were  formed  in  all  cases. 

PTc:ssures  used  to  ccnpact  the  sioccessively  added  layers  ware  16,700, 

23,000  and  29,200  lb/ in  for  anode,  separator,  and  cathode  layers 

rtcpectively.  The  assaibled  pellets  were  clanped  between  the  platens 

2 

of  the  cell  tester. at  4.5  Ib/in  . 
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RESULTS  AND  DISCUSSION 

The  data  obtained  during  this  investigation  are  sumtarized  in 
Tables  II  through  IX  and  Figures  2 through  10.  The  tables  give  the  open 
circaiit  voltage  (OCV)  , initial  closed  circuit  voltage  (lOCV)  , the  active 
lifetime  to  80%  ICCV,  and  delivered  energy  density  at  80%  ICCV.  The 
acccitpanying  figures  represent  the  discharge  curves  to  zero  volts  for 
each  of’  the  top  ten  cathodes  as  de-termined  in  this  evalua-tion,  based  on 
the  80%  ICCV  lifetime  criteria.  The  MdCI^  and  CUCI2  cathode  discharge 
curves  as  investigated  in  previous  studies  (3,4)  are  shown  in  Figure  2 
for  ccrparison. 

An  important  consideration  vhen  analyzing  -the  experimental  data  is 
the  ^plication  intended  for  the  particular  electrochemical  system.  For 
exanple,  MoCl^  with  its  high  OCV  co\ild  be  used  as  a high  energy  output 
thermal  battery  vdiereas  CUCI2  would  iteke  an  excellent  low  energy  output, 
long  lifetime  thermal  battery  as  evidenced  by  its  lower  OCV  but  long, 
flatter  discharge  plateau.  To  obtain  the  advantages  of  both  cathodes, 
a thermal  battery  could  be  developed  using  a mixture  of  MoCl^  and  CUCI2 
as  the  cathode.  Mixed  cells  of  this  type  will  be  examined  in  future 
studies . 

In  view  of  ■their  noticeably  srperior  performance,  the  following 
cathodes  were  investigated  in  detail. 

VClgt  The  WUlg  cathode  (ROC/RIC,  99%  pure)  gave  a cell  OCV 
vdiich  was  between  that  of  M^Cl^  aind  CUCI2.  The  initial  iR  drop  for  a 
cell  containing  W31g  was  similar  to  these  cells,  but  a steeper  drop  in 

the  cell  ■voltage  discharge  curve  led  to  a shorter  life  and  available 

2 2 
energy  density  to  80%  ICCV  at  175°C  and  15  mA/cm  . At  250°C  and  15  mA/an  , 
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Table  II.  Discharge  Results  for  the  Metal  Chlorides 
at  175“C  and  15  itiA/cm^ 


80%  ICCV 


OCV 

ICCV 

Lifetime 

Energy  Density 

Chloride 

(Volts) 

(Volts) 

(Min) 

(W-hr/lb) 

MoCl^ 

2.40 

2.31 

30.0 

16.3 

CUCI2 

1.83 

1.72 

36.5 

13.8 

VClg 

2.16 

2.05 

23.7 

9.1 

FeCl^ 

2.29 

2.17 

13.3 

7.9 

TeCl^ 

1.73 

1.66 

15.7 

6.0 

NbCl^ 

1.70 

1.59 

11.0 

3.8 

HgCl2 

1.78 

1.68 

9.7 

3.8 

CCCI2 

1.14 

0.86 

10.9 

2.5 

MdCI^ 

2.11 

1.97 

3.6 

1.6 

\^l3 

1.99 

1.80 

3.4 

1.6 

BiCl^ 

1.33 

1.13 

5.0 

1.23 

CrCl^ 

1.64 

1.33 

2.2 

0.76 

TaCl^ 

1.58 

1.29 

2.9 

0.73 

RUCI3 

1.72 

1.57 

1.6 

0.64 

NiCl2 

1.35 

1.01 

2.0 

0.52 

1 

i 1.85 

1.76 

0.7 

0.37 

CuCl*  1 

! 1.07 

0.86 

45.6 

12.2 

CrCl2 

1.20 

1.11 

0.6 

0.18 

ZrCl^ 

1.14 

0.87 

0.4 

0.10 

MnCl2 

1.39 

1.08 

0.02 

0.05 

* i 

1 1.64 

1.50 

0.01 

0.04 

FeCl  ^ 

1 0.63 

0.50 

25.0 

3.56 

TiCl^ 

1.18 

0.94 

0.01 

0.02 

Double  entry  discussed  in  text 
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Table  III.  Discharge  Results  for  ^tal  Oxides 
at  175°C  and  15  mA/cm^ 


80%  ICCV 


ocv 

icx:v 

Lifetime 

Energy  Density 

Oxide 

(Volts) 

(Volts) 

(Min) 

(W-hr/Ib) 

1.86 

1.72 

10.8 

5.0 

CuO 

1.85 

1.76 

8.3 

4.5 

CU2O 

1.09 

1.00 

5.5 

1.6 

V2O5 

2.20 

2.01 

1.9 

1.0 

^6304 

1.59 

1.44 

1.8 

0.6 

Sb„0, 

0.45 

0.12 

0.3 

0.0 

Table  IV.  Discharge  Results  for  Metal  Sulfides 
and  Sulfur  at  175°C  and  15 


80%  ICXV 


Sulfide 

OCV 

(Volts) 

ICCV 

(Volts) 

Lifetime 

(Min) 

Energy  Density 
(W-hr/lb) 

CU2S 

1.43 

1.35 

7.0 

2.50 

CuS 

1.68 

1.58 

3.9 

1.81 

^8 

1.48 

1.10 

3.2 

0.77 

TiS2 

1.43 

1.33 

2.0 

0.70 

MnS 

1.21 

0.96 

2.2 

0.60 

TaS2 

1.23 

1.05 

0.8 

0.21 

TI2S 

1.41 

1.21 

1.0 

0.21 

ZrS2 

0.74 

0.62 

1.0 

0.14 

FeS2 

0.98 

0.71 

0.2 

0.03 

FeS 

0.94 

0.77 

0.1 

0.03 

80%  ICCV 


L 

I 


I 


I 

I 

F 
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Halide 

(DCV 

(Volts) 

ICCV 

(Volts) 

Lifetime 

(Min) 

Energy  Density 
(W-hr/lb) 

SbF^ 

2.18 

2.00 

2.2 

1.09 

W4 

1.88 

1.66 

1.4 

0.63 

VBr^ 

1.60 

1.44 

0.1 

0.26 

MoBr2 

1.38 

1.01 

0.1 

0.12 

Table  VI. 

Discharge  Results 
Cathodes  at  175°C 

for  the  "Top  Ten' 
and  15  itiA/cm^ 

' Potential 

80% 

ICCV 

Cathode 

OCV 

(Volts) 

ICCV 

(Volts) 

Lifetime  Energy  Density 
(Min)  (W-hr/lb) 

MdCI^ 

2.40 

2.31 

30.0 

16.3 

CUCI2 

1.83 

1.72 

36.5 

13.8 

WCl, 

D 

2.16 

2.05 

23.7 

9.1 

FeCl^ 

2.20 

2.17 

13.3 

7.9 

TeCl^ 

1.73 

1.66 

15.7 

6.0 

^®2°3 

1.86 

1.72 

10.8 

5.0 

cuo 

1.85 

1.76 

8.3 

4.5 

NbCl^ 

1.70 

1.59 

11.0 

3.8 

HgCl2 

1.78 

1.68 

9.7 

3.8 

CU2S 

1.43 

1.35 

7.0 

2.5 

] 
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Table  VII.  Cathode  Performance  Conparison  to  80%  lOCV  as  a Functicxi 
of  Terperature  (Discharge  Rate  = 15  mA/an2) 


175  °C 

250°C 

Cathode 

Time 

(Min) 

Energy  Density 
(W-hr/lb) 

Time 

(Min) 

Energy  Density 
(W-hr/lb) 

M0CI5 

30.0 

16.3 

12.3 

6.80 

CUCI2 

36.5 

13.8 

5.33 

3.25 

WCl^ 

D 

23.7 

9.10 

6.33 

2.41 

FeCl3 

13.3 

7.90 

12.3 

7.61 

TeCl^ 

15.7 

6.00 

7.33 

2.65 

Table  VIII.  Single  Cell  Performance  for  Various  Internal  Current 


Collectors  (MoCl^ 

Cathode 

at  175°C  and  15  mA/cm^) 

80%  lOCV 

Current  Collector 

Time 

(Min) 

Energy  Density 
(W-hr/lb) 

Graphite  (grade  #38) 

30.0 

16.3 

Nickel  (5  micron) 

1.0 

0.6 

Moli^xienum  (200  mesh) 

0.2 

0.2 

Table  IX.  Single  Cell  Performance  for  Various  Tj^s  of  Graphite 
(MdCI^  Cathode  at  175°C  and  15  mA/cm^) 


80%  ICCV 


Graphite 

Time 

Energy  Density 

(Min) 

(W-hr/lb) 

Fisher  (HCl  boiled) 

31.7  , 

17.1 

Fisher  (unpurified) 

30.0 

16.3 

Superior  (purified) 

24.3 

13.2 

11 


EMF  (V) 


2.40 


2.00 

1.60 

1.20 

.80 

.40 

0 


20  40  60  80  100  120  140 

TIME  (MIN) 

2 

15  mA/cm  Constant  Current  Discharge  Curve  for  the 
Cu.,S  Cathode  at  175°C.  <,  80%  lOCV. 
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the  performance  deteriorated  drastically,  as  shewn  in  Figure  3 and 
Table  VII. 

FeCl^:  The  FeCl^  (M3/B,  99%  pure)  had  a very  snail  iR  drop 

frem  a relatively  high  epen  circuit  potential  of  2.20  volts.  It  has 

the  additional  advantage  of  being  cheap  and  readily  available.  The 

2 

FeCl^  discharge  curve  (Figure  4)  at  175°C  and  15  mA/cm  showed  a voltage 
increase  after  the  first  discharge  plateau  had  been  attained.  We  suggest 
that  this  increase  is  due  to  the  dissolution  of  an  insoluble  FeCl2 
surface  film  formed  on  the  cathode  during  the  initial  discharge  (6) . 

At  tenperatures  of  250®C  and  above,  the  discharge  curve  (Figure  4)  is 
flatter  with  no  voltage  irregularities  and  there  is  only  a slight 
decrease  in  the  80%  ICCV  performance.  Because  there  is  little  degrada- 
tion in  performance  at  higher  tenperatures,  the  FeCl^  cathode  can  be 
operated  over  a wider  tenperature  range.  This  vrouLd  sinplify  the  manu- 
facturing and  quality  control  of  FeCl^  thermal  batteries,  especially  in 
the  selection  of  heat  paper  of  a suitable  caloric  value. 

TeCl^;  The  TeCl^  cathode  (ROC/RIC,  99%  pure)  gave  an  extremely 
flat  discharge  curve  (Figure  5) , the  flattest  yet  observed  with  the 
exception  of  C11CI2  (Figure  2).  It  also  had  the  longest  lifetime  to 
zero  volts,  140  minutes.  However,  the  80%  ICCV  performance  data  sugaest 
an  inferior  output  as  oerpared  to  the  W21g  or  FeCl^  cathodes  at  both 
175  and  250°C  (Figure  5) . In  addition,  TeCl^  is  a highly  poisonous 
chardcal  and  its  use  as  a cathode  may  present  manufacturing  and  handling 
problons  for  production  thermal  batteries. 

The  discharge  behavior  of  the  other  cathodes  evaluated  fell  well 
below  the  performance  of  the  above  mentioned  cathodes  and  thus  will  not 
be  discussed  in  any  detail.  However,  an  ejplanation  of  the  doi±)le 
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entries  in  Table  II  for  the  FeCl2  and  CuCl  cathodes  is  necessary. 

The  discharge  curve  of  CuCl  (Baker,  96.4%  pure)  shews  a significant 

2 

voltage  drop  i?X3n  application  of  a 15  itiA/cm  load.  As  a result  the  80% 

ICCV  lifetime  and  energy  density  were  very  lew.  If,  however,  the  80% 

ICCV  performance  is  measured  frem  an  OCV  value  determined  in  an  electro- 

! 

chatiical  study  of  copper  in  the  tetrachloroaluminate  melt  (6)  , the  80%  \ 

ICCV  output  is  more  respectable.  The  80%  lifetime  v\Qs  45.6  minutes  and 

energy  density  was  12.2  W-hr/lb.  The  OCV  of  copper  (I)  chloride  vrfiich 

was  dDserved  in  this  study  was  siriilar  to  that  of  copper (II)  chloride, 

indicating  the  probable  presence  of  copper  (II)  as  an  inpurity  in  the 

coitnercially  obtained  oopper(I)  chloride.  If  all  of  the  copper(II)  * 

could  be  removed,  a cathode  consisting  of  only  copper (I)  chloride  would 

ma]ce  an  excellent  long  liL.,  lew  output  thermal  battery.  ] 

A similar  argument  can  be  made  for  the  iron (II)  chloride  cathode.  i 

The  large  voltage  drop  gave  a poor  80%  ICCV  performance.  However,  the  ; 

2+  0 

correct  Fe  /Fe  potential  was  reported  to  be  0.63V  (6) . Use  of  the 

latter  value  leads  to  an  80%  ICCV  lifetime  and  energy  density  of  25.0  : 

minutes  and  3.56  W-hr/lb  respiectively.  The  actual  1.85V  CXZV  indicates 
the  probable  presence  of  trace  quantities  of  iron (III)  in  the  cathode  ! 

material.  Removal  of  the  iron  (III)  inpurity  would  inprove  the  per- 
formance of  the  FeCl2  cathode  in  the  same  manner  as  would  ronovrl  of 
CUCI2  from  CuCl. 

Current  Collector;  The  lose  of  molybdenum  (Alfa-Ventron,  99.7% 
pure)  or  nickel  (Alfa-Ventron,  99.5%  pure)  powders  in  the  pluce  of 

graphite  (Fisher,  untreated)  as  an  internal  current  collector  in  the  ! 

cathode  did  not  inprove  single  cell  performance',  but  drastically  1 

I 

reduced  the  80%  ICCV  output  as  shown  in  Table  VIII.  Graphite  has  proven 
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i to  be  a si:perior  internal  current  oollector  and  because  of  cost  and 

i purity  requiratients  of  the  other  metallic  curreiit  collectors  tested 

will  continue  to  be  used. 

Small  quantities  (no  more  than  1%  of  total  pellet  weight)  of 
acetylene  black  in  the  LiAl/tJaAlCl^/^toCl^  pelletized  single  cell 
produced  a 2.5%  increase  in  ou^jut  as  cotipared  to  a similar  cell  not 
containing  this  material.  However,  use  of  acetylene  black  in  the  W^lg 
single  cell  shewed,  no  increase  in  output.  This  suggests  that  the 
optimization  of  individual  cathodes  in  our  electrolyte  for  use  in 
‘ pelletized  single  cells  in  apparently  unique,  A single  cell  formula 

eventually  may  be  deduced  after  further  studies  are  undertaken. 

The  absence  of  gr^hite  vhen  losing  the  soni-electronic  conductors 
and  TiS^  as  cathodes  showed  no  increased  performance,  as  evidenced 
in  the  short  lifetimes  and  low  energy  density  at  80%  ICCV  of  these 
single  cells  (Table  TV) . It  was  anticipated  that  these  cells  containing 
known  semi-electronic  conductors  as  cathodes  (7) , would  give  better 
energy  density  output  due  to  their  Icwer  poellet  weight  with  the  absence 
of  graphite.  The  use  of  graphite  with  these  two  cenpounds  also  gave 
poor  80%  ICCV  results. 

Tests  were  also  made  to  evaluate  the  effectiveness  of  various 
methods  to  purify  graphite.  Unpurified  graphite  and  graphites  parrified 
by  several  methods  were  incorporated  into  single  cells  containing  MoCl^. 
Table  IX  contains  the  results  of  these  experiments.  Fisher  gr^hite 

purified  by  treatment  in  boiling  HCl  gave  the  best  output  at  175“C  and 

2 .... 

15  mA/cm  , Untreated  Fisher  graphite,  known  to  contain  iitpurities, 

gave  the  second  best  output . The  poorest  performance  was  graphite 

obtained  from  the  Superior  Graphite  Cdtpany  and  subsequently  purified. 


r 


The  use  of  the  purified  Fisher  graphite  did  not  show  a perfomance 
increase  over  the  untreated  Fisher  graphite  greater  than  the  relative 
error  established  in  a previous  study  (4) . However,  use  of  the 
purified  Sv:perior  graphite  did  result  in  at  least  a 20%  drop  in 
performance . 
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FUTURE  WORK 

The  three  best  cathodes  selected  in  this  study,  WCl^,  FeCl,,  and 
TeCl^  will  be  investigated  in  greater  detail.  Tests  will  be  conducted 
at  different  current  densities  and  tanperatures  to  determine  whether 
these  potential  cathodes  might  be  advantageous  for  certain  themel 
battery  applications.  After  optimization  of  these  cathodes,  a statis- 
tical analysis  will  determine  if  a general  single  cell  formula  for 
AlCl^  based  pelletized  single  cells  can  be  formulated. 

The  role  of  acetylene  black  and  the  effectiveness  of  various 
methods  to  purify  graphite  will  also  be  studied  in  greater  detail. 
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